The objective was to determine how estradiol (0 vs 1 mg) and changes in the dosage of luteinizing hormone releasing hormone (LHRH; 1,000 ng/steer vs 1 ng/kg body weight) and frequency of LHRH injection (25 vs 50 min) affect LH and follicle stimulating hormone (FSH) release in steers. In steers pretreated with estradiol peak concentrations of LH in serum after LHRH averaged 14.4 ng/ml, which was greater (P<.O01) than peak concentrations in steers given oil (7.4 ng/ml). Increasing the dosage of LHRH from 1 ng/kg body weight (=-300 ng/steer) to 1,000 ng/steer increased (P<.001) peak LHvalues from 7.5 to 14.4 ng/ml. Furthermore, increasing the frequency of LHRH injections from once every 50 rain to once every 25 min increased (P<.O01) LH release, but only in steers given estradiol. Estradiol reduced basal concentrations of FSH by 65% and then increased LHRH-induced FSH release by 276% (P-.07) relative to values for steers given oil. Only when 1,000 ng LHRH was given every 25 rain to steers pretreated with estradiol were LH and FSH release profiles similar to the preovulatory gonadotropin surges of cows in magnitude, duration and general shape. The results demonstrate that increases in the dosage or frequency of LHRH pulses increase LHRHinduced release of LH, but not of FSH. Furthermore, these results are consistent with the hypothesis that in cows, estradiol increases responsiveness of the gonadotrophs to LHRH 
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I ntroduction
Evidence suggests that luteinizing hormonereleasing hormone (LHRH) is secreted in a pulsatile mode (Carmel et al., 1976; Koa et al., 1977; Blake et al., 1980; Levine and Ramirez, 1980) . Two lines of evidence support the idea that changes in the frequency and magnitude of the LHRH pulses may be important components in the control of gonadotropin secretion. First, intermittent, but not continuous administration of LHRH reestablished normal basal LH and follicle stimulating hormone (FSH) secretion in monkeys in which endogenous LHRH secretion had been abolished by lesioning of the hypothalamus (Belchetz et al., 1978) . The basal concentrations of the LH and FSH, as well as the ratio of these baselines, were dependent upon the interval between LHRH pulses in similarly lesioned monkeys (Knobil, 1980) . Second, changing the frequency of dosage of LHRH pulses can alter the magnitude by which LHRH primes the pituitary to subsequent LHRH stimuli (Aiyer et al., 1974; Hoff et al., 1979; .
Estradiol increases LHRH-induced gonadotropin release in cattle (Padmanabhan et al., 1978; Kesner et al., 1981a) and LHRH priming of bovine pituitary ceils in vitro . However, it is not known how these effects of estradiol are affected by changes in the dosage and frequency of LHRH pulses. As the frequency and magnitude of 1023 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 5, 1982 LHRH pulses appear to vary throughout the estrous cycle of cattle (Rahe et al., 1980) and menstrual cycle of women (Yen et al., 1975) , the objective of this study was to determine how changes in the dosage and frequency of LHRH injections, in the presence and absence of estradiol, affect LH and FSH release in cattle.
The steer was used as a model for two reasons. First, treating steers with estradiol apparently inhibits or at least reduces release of endogenous LHRH to levels below those that stimulate LH release (Kesner et al., 1981a) . This effect persists in the steers beyond the time when estradiol induces gonadotropin surges in ovariectomized cows, i.e., gonadotropin surges occur 12 to 20 h after estradiol (Beck and Convey, 1977) . Second, in ovariectomized cows the pituitary gland is not sexually differentiated (Harris and Jacobsohn, 1952) . We found that steer and cow pituitaries respond in a similar manner to stimuli such as LHRH and estradiol (Kesner et al., 1981a) . Thus, the steer provides a model in which the effects of LHRH and estradiol on bovine pituitary glands may be studied in vivo with minimal confounding by endogenous LHRH. the Appendix to this paper.
At time 0, steers were given 1 mg estradiol-17/3 s dissolved in 3 ml safflower seed oil or oil alone via im injection. LHRH 6 was injected via jugular cannula in 2.3 to 5.0 ml saline every 25 or 50 min from 12 to 19.5 h after the administration of estradiol. This interval corresponds to the time of the LH surge in estradiol-treated ovariectomized cows (Beck and Convey, 1977) . Blood was sampled via jugular cannula every 25 min from 11 h 35 rain to 19 h 55 min after the injection of estradiol. Blood was collected immediately before the next scheduled LHRH injection.
Concentrations of LH and FSH in serum were determined by radioimmunoassays described previously (Convey et al., 1976; Carruthers et al., 1980) . Data were transformed (logarithm of LH and square root of FSH) to 14 ~uz t-
Materials and Methods
:E Thirty-two Holstein steers were assigned to w groups in a 2 x 2 x 2 factorial experiment. Groups were balanced for body weight (BW), --which averaged 297 kg (range = 230 to 355 kg).
~ 8 Main effects included: estradiol (0 vs 1 mg), o dosage of LHRH (1,000 ng/steer vs 1 ng/kg ~ 6 BW) and frequency of LHRH injections (25 vs "r 50 min). These dosages and frequencies of o N 4 LHRH injections were selected on the following bases: (1) 1,000 ng LHRH/animal given every i~ 25 min causes preovulatory-like LH and FSH ~ 2 surges in estradiol-treated steers and cows (Kesner et al., 1981a ; J. S. Kesner and E. M. Convey, unpublished observation) and (2) 1 ng LHRH/kg BW given every 50 min reestablishes and maintains normal pulsatile LH secretion in steers in which endogenous LHRH release has been blocked via anesthesia. A description of the titration of the latter dosage is presented in Figure 1 . Effect of estradiol (0 or 1 mg) injected im at time 0 on concentrations of LH in semm of Holstein steers given LHRH iv at repeated intervals from 12 to 19.5 h. The figure depicts the effect of estradiol, averaged over dosage and frequency of LHRH injections. Thus, each response curve represents the pooled means for four treatment groups (n = 4 steers/treatment) that received LHRH at different dosages (1 ng/ kg BW vs 1,000 ng/steer) and frequencies (15 vs 50 min). Blood was sampled every 25 min, just prior to LHRH injections. adjust for heterogenous variance and then analyzed by autoregressive split-plot analysis for the removal of autocorrelations of repeat measurements (Barr et al., 1979) . The significance of main factors and their interactions were determined by orthogonal contrasts (Gill, 1978) .
Results and Discussion ~ I0
Luteinizing _Hormone Release. Estradiol increased (P<.O01) LHRH-induced LH release z over that in oil-treated steers, irrespective of ~ 8 dosage or frequency of LHRH injection (figure O 1). After the first injection of LHRH, basal LH (3.3 ng/ml) increased to 7.4 and 8.3 ng/ml -i-6 serum in steers given oil and estradiol, respectively. Thus, the amount of LH released after the first injection of LHRH was not affected Thus, each response curve represents the pooled means for two treatment groups (n = 4 steers/treatment) that received LHRH at different dosages (1 ng/kg BW vs 1,000 rig/steer). Blood was sampled every 25 min, just prior to LHRH injections.
(P>.10) by estradiol. However, subsequent LHRH injections increased LH release in steers given estradiol such that LH averaged 14.4 ng/ml 3 h after the start of LHRH injections. In contrast, in steers injected with oil, LH concentrations decreased immediately despite continued LHRH injections.
Increasing the dosage of LHRH from 1 ng/kg BW to 1,000 ng/steer increased (P<.001) the overall peak LH value from 7.5 to 14.4 ng/ml (figure 2).
The two-way interaction between frequency of LHRH injection and presence of estradiol was significant (P<.001; figure 3 ). Thus, increasing the frequency of LHRH injection from once every 50 min to once every 25 min increased (P<.01) LH release, but only in steers given estradiol. When LHRH was given at 25-and 50-min intervals, peak LH values averaged 7.9 and 7.4 ng/ml, respectively, for steers given oil and 16.1 and 12.8 ng/ml for steers given estradiol. Only the administration of 1,000 ng LHRH every 25 min to steers pretreated with estradiol induced LH release in a pattern similar to the preovulatory LH surge of the cow in magnitude (21.4 ng/ml), duration (8 h) and general profile (figure 4).
Follicle Stimulating Hormone Release. Estradiol affected (P~.08) FSH release in two ways (figure 5). First, it reduced FSH baseline concentrations to 119 ng/ml, compared to 184 ng/ml in steers injected with oil. Second, the increase in FSH release with time after the start of LHRH treatment was greater in steers given estradiol (increment = 47 ng/ml) than in those given oil (increment = 17 ng/ml). Dosage or frequency of LHRH injection did not affect (P>.10) FSH release. Only in steers given estradiol followed by 1,000 ng LHRH every 25 min did FSH release resemble the normal preovulatory FSH surge of the cows in magnitude (199 ng/ml), duration (>8 h) and general profile (figure 4). Figure 5 . Effect of estradiol, 0 or 1 mg injected im at time 0 on concentrations of FSH in serum of Holstein steers given LHRH iv at repeated intervals from 12 to 19.5 h. The figure depicts the main effect of estradiol, averaged over dosage and frequency of LHRH. Thus, each response curve represents the pooled means for four treatment groups (n = 4 steers/treatment) that received LHRH at dosages (1 ng/kg BW vs 1,000 ng/ steer) and frequencies (25 vs 50 min). Blood was sampled every 25 min, just prior to LHRH.
HOURS AFTER ESTRADIOL OR OIL
We have previously shown that estradiol increases the amount of LH and FSH released by LHRH in cattle (Kesner et al., 1981a ; J. S. Kesner and E. Convey, unpublished observation) . That finding was confirmed in this study despite changes in the dosage and injection frequency of LHRH. However, the amount of LH and FSH released by the first injection of LHRH was not affected by estradiol, whereas release in response to subsequent injections was augmented. This observation is consistent with the hypothesis that estradiol augments responsiveness of gonadotrophs, to LHRH, at least in part, by increasing the capacity of LHRH to prime the pituitary to subsequent LHRH exposure (Fink and Pickering, 1980) . LHRH priming has been observed in cattle (Foster, 1978) as well as women (Hoff et al., 1979) , sheep (Crighton and Foster 1977) and rats (Aiyer et al., 1974) . Furthermore, LHRH priming can be demonstrated in vitro with cells from pituitary glands of diestrous cows and LHRH-priming of these cells is augmented by estradiol (Padmanabhan and .
Doubling the frequency of LHRH injections increased LH secretion in steers given estradiol, but not in those given oil. It is not clear how the increase in the frequency of LHRH injections augmented LH release. One possibility is that the shorter intervals between LHRH stimuli increased the priming capacity of LHRH (Foster, 1978; . Alternatively, the increased release of LH may not have been a result of increased injection frequency per se, but rather of the doubling of the amount of LHRH given, i.e., through the administration of a constant LHRH dose twice as often. Our study was not designed to distinguish between these possibilities.
Changing the dosage and frequency of LHRH injections did not significantly alter FSH release. In fact, LHRH increased FSH release only slightly and primarily in steers pretreated wth estradiol. This low capacity of LHRH to increase serum concentrations of FSH relative to LH concentrations may reflect a difference in the capacity of the gonadotrophs to release FSH and LH in response to LHRH.
On the other hand, it is possible that LHRH stimulates the release of similar quantities of FSH and LH and we were simply unable to detect these increases in FSH. This situation could arise if basal concentrations of FSH in serum are high in relation to the additional increment of FSH induced by LHRH. This, in turn, could result from a high basal release rate of FSH or a relatively long half-life of FSH in blood (Akbar et al., 1974) . This explanation is supported by our observations, and those of others (Aijika et al., 1972; Borrel et al., 1978) , that anesthesia only slightly reduces concentrations of FSH in serum (see Appendix). If LHRH-induced FSH release is responsible for only a small percentage of total FSH in blood, then blockage of LHRH release with anesthesia should have only a slight effect on FSH concentrations in serum.
Increasing the dosage and frequency of LHRH injections augments the LHRH-induced ~W. A. Butler Co., Brighton, MI.
increase in LH, independent of changes in FSH release. Thus, relatively small changes in the pattern and magnitude of LHRH release appear to affect LH release more than FSH release. Frequency of LHRH pulses has been shown to affect the ratio of LH to FSH in serum of monkeys (Knobil, 1980) .
One objective of the present study was to determine whether secretion rates of LHRH that mimicked those found in steers would be sufficient to trigger preovulatory-like LH and FSH surges in steers pretreated with estradiol. Our results suggest that they were not. Only after the dosage of LHRH was increased threeto fourfold and then frequency of LHRH injections was increased from once every 50 to once every 25 min was the LH and FSH release in estradiol-treated steers similar to the preovulatory LH and FSH surges of cows in magnitude, duration and general shape. If one takes these results obtained with steers and applies them to cows, the implication is that the magnitude and frequency of LHRH release must increase during proestrus-estrus in order for estradiol to induce preovulatory gonadotropin surges in cows. We recognize that an extrapolation of this extent is risky. However, supporting our contention that LHRH is secreted more frequently than once every 50 rain during the preovulatory surges is the observation by Rahe et al. (1980) that frequency of LH pulses increased from one every 3 to 4 h to once every 20 to 40 min during the LH surge. Our proposal that the magnitude of LHRH secretion also increases during the period of preovulatory gonadotropin surges can only be tested by direct measurement of LHRH secretion.
Appendix Titration of LHRH
Three experiments were conducted to determine the dosage of LHRH required to reestablish and maintain normal pulsatile LH release in steers in which endogenous LHRH release had been blocked. Different steers (weighing 175 to 239 kg) were used in each experiment. Steers were anesthetized with sodium pentobarbitai 7 for approximately 5 h. Pentobarbital inhibits LHRH secretion without altering the capacity of the pituitary gland to release gonadotropin after LHRH (Blake and Sawyer, 1972; Radford and Wallace, 1974) . Beginning 15 to 30 min after anesthetization injections of LHRH were given iv at 50-min intervals. Fifty minutes is the mean interval picts one of the three animals from each study. Studies differed in the LHRH dosage given. In the first study (top), three dosages of LHRH were given to each steer, with each dosage given twice in succession. These three paired injections were given in sequences following a Latin square design.
between pulses of LH release in steers (Kesner et al., 1981b) .
First three dosages of LHRH were given (.3, .8 and 2.4 ng/kg BW). Each dosage was given twice in succession with the sequence of the dosages for each steer arranged as for a Latin square. In the second and third studies, LHRH was given as a series of six injections at concentrations of 1.3 and 1.0 ng/kg BW, respectively. In all three studies, blood was collected every 10 min via jugular cannula. When blood sampling and LHRH injection were scheduled simultaneously, blood was collected immediately before the injection.
In the first study, (upper panel, figure 6 ) average height of the LH pulses before anesthesia was 3.2 ng/ml above baseline. After anesthesia, LH pulse height averaged-.2, 1.4, and 5.8 ng/ml above baseline after the administration of .3, .8 and 2.3 ng LHRH/kg BW, respectively. In the second (middle panel) and third studies (lower panel) the magnitude of LH pulses before anesthesia averaged 1.9 and 1.3 ng/ml, respectively. LH pulses induced by the injection of 1.3 or 1.0 ng LHRH/kg BW averaged 4.9 and 1.2 ng/ml, respectively. The injection of 1.0 ng LHRH/kg BW every 50 rain reestablished normal pulsatile LH secretion in steers; i.e., the deviation from preanesthesia pulses was least (P<.05) with this dosage of LHRH. Thus, 1.0 ng LHRH/kg BW given every 50 min mimics endogenous release of LHRH in steers.
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